Background
The prevalence of type 2 diabetes mellitus (T2DM), a group of metabolic disorders with increased blood glucose level, is increasing dramatically worldwide. Currently, it is estimated that 387 million people around the world have diabetes and the number will reach 587 million by 2035 [1] . Colorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer death in the United States [2] . Internationally, the risks of both T2DM and CRC increase in parallel with economic development. It is suggested that the prevalence of a Western diet and sedentary lifestyle serves as strong contributors.
The positive association between T2DM and an increased risk of several cancer types, including CRC, has been reported. T2DM correlates tightly with the incidence and mortality of CRC [3] [4] [5] . Compared to CRC patients with normal glucose level, the coexisting of T2DM increases the overall and cancer-specific mortality and decreases disease-free survival [3] . In addition to increasing CRC incidence, T2DM is also an independent prognosis factor for CRC reoccurrence and metastasis [6] . Patients with T2DM had a lower survival rate even after curative surgery for colon cancer [7] . T2DM with high serum HbA1c levels is an independent prognosis factor for high incidence of colonic adenomatous polyps (APs) and CRC [8] . A large retrospective study of Korean CRC patients revealed that incidence of CRC was positively correlated with the fasting serum glucose level [9] . However, there are also studies showing no correlation between T2DM and CRC. For example, T2DM was found to have no effect on the short-term survival and cancer-specific survival of CRC patients [10] . It is suggested that the discrepancy might be related to ethnicity and sex [11, 12] .
Therapeutic options for T2DM include insulin injection, and/or oral anti-hyperglycemic drug administration, such as metformin. A study showed that long-term administration of insulin increased CRC incidence in T2DM patients [13] . High insulin and high glucose both increase the risk of recurrent colorectal cancer [14] . Zhang et al. showed that metformin treatment can significantly lower the risk of CRC in T2DM patients [15] . However, few studies have closely examined the correlation between antidiabetic medication and the clinicopathological features of CRC.
Although the association between T2DM and CRC has been reported, the effect of blood glucose level on the clinicopathological features of CRC has not been explored, especially in non-European populations. Our current retrospective study analyzed the correlation between CRC patients' blood glucose levels and their disease severity, prognosis, and survival in a Chinese population. We also analyzed whether diabetes treatment affected CRC development and patient survival.
Material and Methods

Patients and their clinicopathological features
This study was approved by the Medical Ethics Committee of The First Affiliated Hospital of Huzhou University, China. All study participants provided written informed consent.
We enrolled 391 CRC patients hospitalized in our center between 2008 and 2013 into our retrospective study. Clinicopathological data were collected and analyzed, including sex, age, tumor location, tumor type, tumor diameter, vascular/perineural invasion, histological stage, primary tumor invasion depth, lymph node metastasis, distant metastasis, and TNM classification. CRC patients were classified according to TNM system based on the America Joint Committee on cancer (AJCC)/Union for International Cancer Control (UICC) 2009 staging system for colorectal cancer (7 th edition) [16] .
All diagnosis of CRC was based on ultrasonic or CT scan results, and endoscopic biopsy or surgical resection. Exclusion includes familial adenomatous polyposis (FAP); hereditary nonpolyposis colorectal cancer (HNCRC) or anal canal cancer; acute or chronic inflammation; serious cardiovascular or cerebrovascular disease (such as acute coronary syndrome, chronic cardiac dysfunction, cerebral vascular accident); liver and kidney dysfunction or other stress conditions.
Glucose level
Fasting plasma glucose (FPG) and 2-h postprandial glucose (2hPPG) upon the initial hospitalization (before surgery, radio-, or chemotherapy) were obtained. Glucose level (mmol/L) was measured from the venous blood of the patients in the morning by the glucose oxidase method using glutamate assay kit (CAT GL7210, Beijing Leadman Biochemistry, China). Samples were then analyzed by a Hitachi 7600 series auto biochemistry analyzer (Hitachi, Tokyo, Japan 
Diabetes-controlling treatment
Data on diabetes-controlling treatment of all CRC patients with hyperglycosemia (including DM, IGT and IFG) were collected (Table 1) . These patients were further categorized into patients with insulin treatment (plus oral hypoglycemic) (INS group), patients with oral hypoglycemic (without insulin) (OH group), patients without any diabetes-controlling treatment (No Treatment, N-T group), and patients with normal blood glucose level (Normal blood Glucose, N-G group).
Patient follow-up
Patient survival was followed up through regular phone contact. Records were taken on patient status as "death", "alive" or "lost contact". The time between initial hospitalization and follow-up was recorded (months) until 80 months or death/ lost contact, whichever came first.
Statistic analysis
Statistics were calculated using SPSS19.0 (IBM, USA). Correlation between glucose levels and clinicopathological parameters was analyzed using Pearson chi-square (c 2 ) test. The correlation between glucose level and that of patient survival was analyzed using Kaplan-Meier survival analysis and log-rank test. Kaplan-Meier survival curve and Cox-regression were applied to analyze patient survival in different glucose groups. p<0.05 was considered statistically significant and p<0.01 was considered substantially different.
Result Blood glucose level in CRC patients
The 391 CRC patients were all Asian, male (n=222), female (n=169). The number of patients in each glucose group and their percentage was listed in CRC n=391 
Clinicopathological features of CRC patients and their blood glucose level
The clinicopathological features of the CRC patients were compared between the 3 high-glucose patients groups and the normal glucose group (Table 3) . A significant difference was observed between the H-G vs the N-G group and the DM vs. N-G group in gross tumor type, tumor diameter, tumor differentiation, and TNM classification ( 
** P<0.01, * P<0.05. DM -diabetes mellitus, IGT (impaired glucose tolerance), IFG (impaired fasting glucose), H-G (high glucose groups including DM, IGT and IFG). N-G (normal blood glucose group)
. TNM system based on the America joint committee on cancer (AJCC)/union for international cancer control (UICC) 2009 staging system for colorectal cancer (7 th edition) [16] . Primary tumor (T): Tx -primary tumor cannot be evaluated; T0 -no signs of tumor; Tis -carcinoma in situ; T1,2,3,4 -size and/or extension of primary tumor. N -degree of spread to regional lymph nodes; Nx -lymph nodes cannot be evaluated; N0 -tumor cells absent from regional lymph nodes; N1 -1-3 lymph nodes metastasis; N2 -more than 4 lymph nodes metastasis. Distant metastasis (M): M0 -no distant metastasis; M1 -distant metastasis. TNM classification standard: I -T1/T2, N0, M0; II -T3/ T4, N0, M0; III -any T, N1~N2, M0; IV -any T, any N, M1. 3829 N-G group (Table 4) . A significant difference was also found between DM patients who received no diabetes treatment (N-T group) vs. N-G group, indicating that high blood glucose level, not than INS treatment, was a significant factor contributing to CRC development. Consistently, no significant differences were found when comparing the clinicopathological features of CRC patients in the INS group versus the OH or N-T groups (Table 4) .
We also compared the overall survival of DM patients who received insulin plus hypoglycemic treatment, DM patients with oral hypoglycemic (without insulin), and patients without any 
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diabetes-controlling treatment, and no significant difference was found (Table 4) .
Patients' survival and their blood glucose levels
The correlation between glucose level and that of patient survival was analyzed using Kaplan-Meier survival analysis and log-rank test ( Figure 1A , 1B and Table 5 ). Survival curve of CRC patients in the 4 groups was constructed by both the Kaplan-Meier method ( Figure 1A ) and Cox-Regression method ( Figure 1B ) with follow-up time of 0-80 months. No statistically significant differences were found between N-G and H-G groups (p>0.05) by either the Kaplan-Meier or the Cox-Regression method. However, patients in the H-G group (DM, IGT, IFG) exhibited a shorter survival trend as the followup time increased ( Figure 1A ). No significant difference was found between the H-G group and N-G group in mean or median survival (P>0.05) ( Table 5) .
We also analyzed patient survival using several other statistical methods. No significant differences in overall survival between the 4 glucose groups were found by log-rank (Mantel-Cox) 
Discussion
Studies showed that T2DM increase the risk of colorectal cancer [3] [4] [5] . Larsson [17] conducted a meta-analysis of 15 related studies (6 case-control and 9 cohort) that included 2 593 935 patients. Their analysis showed that diabetes increased CRC risk by 30% (RR=1.30, 95%CI=1.20-l.40) compared with non-diabetes patients. Another study found that serum glucose level correlates with colorectal cancer incidence in woman after menopause [18] . In our study, we investigated the glucose levels of 391 CRC patients, including patients with DM and impaired glucose regulation: IFG and IGT, 2 pre-diabetes stages. Our study showed that 13.41% of patients had co-existing DM and CRC, 4.32% of patients had both IGT and CRC, and 9.32% of patients had both IFG and CRC. Thus, a total of about 27.05% of CRC patients had above-normal glucose. Therefore, it seems that high glucose level plays a role in the development of CRC. However, the mechanism of how high glucose level contributes to CRC development is currently unclear.
Our result showed that, compared to patients with normal glucose level, high glucose and diabetes groups had larger tumor diameter, lower differentiation (thus higher malignancy), higher percentage of ulcerative tumor, and more advanced TNM stages. The 2 pre-diabetes stages (IGT and IFG) had less effect on tumor malignancy compared to DM patients (Table 3) . Although no statistical difference was found between the 4 patient groups with different glucose levels in survival curve analysis, patients in the H-G group exhibited a shorter survival trend at later follow-up time. Our data suggest that glucose level affects the local malignancy of CRC and might affect patient overall survival if given longer follow-up time.
Research shows that antidiabetic medication affects the risk of CRC in patients with diabetes mellitus [19, 20] . Singh conducted a systematic evaluation of 15 studies including 13 871 patients with diabetes mellitus and assessed their risk for CRC. Their meta-analysis concluded that a protective effect of metformin use and CRC risk, although no significant association was observed with insulin or sulfonylurea use [19] . However, a harmful effect of insulin therapy and CRC risk among T2DM patients has also been reported [20] . We analyzed the DM patients enrolled in our study and their diabetes-controlling treatment. Our result showed that DM patients who received INS and hypoglycemic drug treatment had significantly larger tumor diameter and more advanced TNM stage compared to patients with normal glucose. However, no significant difference was found in clinicopathological features and overall survival between patients with INS and hypoglycemic drug treatment, patients with oral hypoglycemic only, and patients with DM but received no diabetes controlling treatment. DM patients, regardless of whether they received INS treatment or not, had more severe tumor malignancy compared to patients with normal glucose. Our results indicate that diabetes-controlling treatment in our patient set had no significant effect on CRC development. However, our DM patient cohort was small and a larger scale study is needed to confirm the observations.
Conclusions
We observed a positive association between T2DM and the local malignancy of CRC. Glucose level is a significant risk factor correlates with the development of CRC. Early diagnosis and personalized treatment is critical for colorectal cancer patients with high blood glucose and diabetes.
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